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ABSTRACT 
Assessment of Climate Variability Impacts on Water Resources within the Alabama River 
Basin 
 
By 
Adalumo Oluwatomiwa Olubamidele 
 
Global climate change and variability alters hydrologic cycles and regimes within 
watersheds, adversely impacting ecosystems, water resources, agriculture and environmental 
sustainability. Understanding and predicting the interactions between the water systems, 
climate change and land use are priority science need and challenge areas. Such assessment 
through the integration of various climate and hydrologic models will allow for the 
development of appropriate climate change impact adaptation solutions. This study aims at 
assessing historical climate variability impacts on water resources within the Alabama River 
Basin. Specific research objectives include (i) assessing the likely hydrologic responses and 
environmental impacts of climate variability at the watershed scale; and (ii) quantifying 
impacts of land use and climate variability on water quantity and quality (iii) identification of 
the most impacted counties within the Alabama Black Belt Counties and the Environmental 
variable of concern. The research methodology utilized historical climate data analysis, and 
the assimilation of geospatial, hydrologic, landuse, soils, elevation, historical climate data 
variables into the Soil and Water Assessment Tool, which was then calibrated and validated. 
Model calibration and validation was within acceptable levels for streamflow, sediment and 
total nitrogen. Model simulation was then analyzed for climate change impacts based on 
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established baseline (1953-1972) and comparison period (1991-2010) environmental 
conditions. Research findings showed a slight increase in precipitation and no significant 
increase in temperature within the watershed over the last six decades. While streamflow 
showed general increase for most subbasins, there was a considerable decrease in the eastern 
and northern subbasins. There was general a decrease in sediment load in the research basin 
over the period. Total nitrogen load increases occurred in some central subbasins. Subbasins 
with high total nitrogen loads also had predominantly agricultural land uses with corn, 
soybean, cotton and pasture as major crops, for which nutrient management could impact 
nitrogen nonpoint source pollution. Evapotranspiration trends were sporadic, but highest with 
subbasins which had decreased streamflow. Incidences of drought as well as the research 
findings support the argument that climate variability could have an impact on water quality 
and quantity within the Alabama Black Belt Counties. The study identified critical subbasins 
for appropriate conservation and adaptation solutions, as well as education to help mitigate 
climate variability impact, maintain sustainable agriculture, environment and water use.  
 
1 
 
CHAPTER I 
INTRODUCTION 
1.1. Background 
1.1.1 Climate Variability and Water Resource Impacts 
In the past, climate change and climate variability had influenced and will continue to 
influence the spatial distribution and availability of natural resources, ecosystems, and human 
economy (American Association for the Advancement of Science (AAAS), 2007). The IPCC 
described climate change as a significant long-term shift or change in weather conditions 
identified by changes in temperature, precipitation, winds, and other indicators which usually 
persist for decades or even longer (IPCC, 2007). The causes of climate variability are 
generally attributed to (i) anthropogenic activities which result in the release of greenhouse 
gases (GHG) which alter the atmospheric composition; and (ii) variability in natural climate 
observed over comparable time periods (IPCC, 2007). 
Water is an indispensable natural resource globally. In the United States (US), 
agricultural sector and statistical data from the US Department of Agriculture (USDA-ERS) 
(2013) showed that irrigated agriculture makes a significant contribution to U.S. agricultural 
production. Water use monitoring by the US Geological Survey (USGS) in 2005 showed that 
an estimated 37 percent of US freshwater withdrawal was due to irrigated agriculture. In 
2007, irrigated farmlands accounted for 55 percent of the total crop sales (USGS - TUWSS, 
2013). The agricultural sector as a whole is a major user of surface and 
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ground water resources and surface water accounts for about 80 percent of the U.S. water use 
consumption (USDA -ERS, 2013). 
Another important use of water resource is for human use and sustainability and the 
survival of other living organisms (Schnoor, 2010). Water availability is constrained by 
natural processes, water allocations across states boundaries, the infrastructure for its 
delivery, and anthropogenic impacts on water quality and quantity (Kristensen, 2004). 
Various driving forces affect the nature, availability and the hydrologic cycle (Kristensen, 
2004). Climate change and variability, land use change, population growth, energy choices 
and other global uses dictate and control the quality and availability of water for human 
consumption (Kristensen, 2004). 
1.1.2 Climate Variability Challenges in Southern USA. 
The Southeastern US is exceptionally characterized by wet, warm and high humidity 
compared to other continental part of the USA (Karl et al., 2009). Although the average 
annual temperatures have not changed significantly over the past hundred years, an increase 
of almost 2°F has been observed since 1970 (Karl et al., 2009). The number of days with 
temperatures above 90°F is expected to increase in the next ten decades (Hayhoe, 2004). It is 
also projected that the number of days with peak temperatures above 90°F will be close to 
165 days, with Florida expected to have the highest impacts (Hayhoe et al., 2008; USGCRP, 
2009).  
The projected warming for the Southeastern U.S. in the next 50 to 100 years is expected 
to create heat related stress for US residents, agricultural crops, livestock, forestry, wildlife 
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and other infrastructure and the effects of this projected increase is expected to be much more 
than effects of the average annual temperature increase since 1970 (Field et al., 2007; 
Nicholls et al., 2007; Boyles, 2008; NRC, 2008). Temperature increment and prolonged 
interval between rainfalls tied with higher population demand is likely to cause a decline in 
the water supply and availability to the society (Bates et al., 2008). Evapotranspiration 
increase reverses the balance of surface water flow and the recharge of groundwater and can 
result in intrusion of saltwater into shallow aquifers in the coastal South-Eastern region 
(Bates et al., 2008). 
Drought can cause conflict among regions which share the same river basins as water 
source (Quansah et al., 2010). An example is 2007 drought event in southeastern US, which 
lead to, and is still a source of water conflict between Georgia, Alabama and Florida, over the 
present and future water allocation from the Apalachicola-Chattahoochee Basin- Flint and 
Alabama-Coosa-Tallapoosa Basin which spatially spreads between (Alabama, Georgia and 
Florida) (Southern Environmental Law Center (SELC), 2013). 
1.1.3 Adaptations to Climate Variability  
An optimal strategic effort by society to prepare and adjust to future variability and 
changes in climate is simply referred to as adaptation (Hansen et al., 2013). The adjustments 
can be against any potential negative impacts or taking advantage of its beneficial effects 
(EPA, 2013). The concept of adaptation to climate change and variability has been accepted 
for a long time in history and societies have continuously shown a strong capacity in 
surviving and adapting to climate and environmental changes (EPA, 2013). Society’s 
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adaptation to climate variability has been demonstrated in various forms such as change in 
cultivated crops, establishment of early warning systems, migration to other favorable 
regions and establishment of government policies and institution (Adger et al., 2007; 
Quansah et al., 2010). Further examples of adaptation in the agricultural sector are: breeding 
of heat, drought tolerant crop varieties; and utilization of shades and efficient air flow in 
barns for protection of livestock animals from higher summer temperatures (NRC, 2010). 
The anthropogenic release of GHG emissions is continually countered with 
government policies by mandating and incentivizing producers to use green-renewable 
energy sources for their production activities (Tietenberg & Lewis, 2012).  
The National Research Council (NRC) (2010) recommended the creation and 
protection of migration paths for easy transit of species, with the promotion of land and 
wildlife best management practices to boost ecosystem adaptability as climate varies. 
Adaptation activities towards sustainability of water resource require the improvement in 
efficient water use, the construction of supplementary mediums for the storage of water, and 
the protection of river banks and streams to safeguard a good water quantity (NRC, 2010). 
Increases in energy efficient products such as cars, household equipment and electronics will 
also significantly cut down in amount of energy consumption (NRC, 2010; Tietenberg and 
Lewis, 2012). Removal of invasive species, landscape and biodiversity promoting, creation 
of habitat linkage with controlled burning and thinning (NRC, 2010; EPA, 2013), will help 
reduce the adverse impact on ecosystems. 
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Understanding and predicting the interactions between the hydrologic/water system and 
climate variability are priority science needs which will increase our ability to forecast and 
mitigate climate variability effects through the implementation of sustainable adaptation 
solutions. This is the motivation and justification for this research study.  
1.2.1 Research Goal and Study Area 
The goal of this study is to assess historical climate variability impact on water 
resources within the Alabama River Basin (ARB) and the Alabama Black Belt counties 
utilizing the Soil and Water Assessment Tool Model (SWAT). SWAT model was assimilated 
and calibrated with historical climate data, streamflow and water quality data and related 
geospatial data and model output analyzed for water quantity and quality changes. Specific 
Study objectives were to: (i) Assess the likely hydrologic responses and environmental 
impacts of climate variability at the watershed scale; (ii) quantify impacts of historical 
climate variability on water quantity and quality within the research basins; (iii) Identify the 
most impacted counties within the Alabama Black Belt Counties (ABBC). 
The research basin, ARB, stretches from the southern part of Alabama and extends 
towards the north western Georgia and south eastern part of Tennessee (Figure 1.1) The ARB 
drains four main watersheds, including the Alabama, Tallapoosa, Coosa and Cahaba River 
Basins (Figure 1.1), The ARB is one of the two major basins of the economically and 
ecologically important Mobile River Basin, which drains across almost the whole of the 
states of Alabama and stretches into Mississippi, Georgia and Tennessee, and drains a total  
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area of approximately 51045 km
2
 (USGS, 2013). There are limited or unknown large scale 
research focusing on the climate variability impact on water resources within the Alabama 
River Basin, which make this study all very important. Another justification arise from the 
economic importance of the basin as a main water source for Alabama and surrounding states 
and the necessity to investigate the potential climate variability induced impacts on the basin 
to help policy makers and stakeholders better develop sustainability plans for the watersheds 
within the basins. The study methodology utilized landuse, soils and elevation data, EPA 
water quality, USGS streamflow and NCDC historical climate data, to set up, calibrate and 
validate SWAT model to forecast and analyze the impacts of climate variability on water 
quantity and quality. Specifically the research analyzed spatial and temporal changes in 
streamflow, total nitrogen load and sediment loads by comparing baseline climate conditions 
from 1953 to 1972 with periods from 1991 to 2010. 
1.2.2 Hypothesis 
It is hypothesized that climate variability would impact water resources within the Alabama 
River basin and that some counties within the Alabama Black Belt Region could experience 
some adverse environmental impacts.  
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Figure 1.1.  Spatial coverage of the Alabama River Basin 
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1.2.3 Thesis Outline 
Chapter 1: The chapter introduces the background on global climate variability, impacts and 
adaptation options, especially in the US and specifically in southeastern US. The research 
justification, objectives, hypothesis and methodology are also presented. 
Chapter 2: This chapter is a literature review on various global climate change researchs. 
Details on the causes and sources of greenhouse gas emissions are examined as well as 
naturally driven climate change factors. Literature on issues like climate change indicators, 
potential impact of climate change on water resources and agriculture are also reviewed. 
Finally some methods used in climate change studies are discussed. 
Chapter 3: This chapter delves into research objectives, which include the: (i) assessment of 
the likely hydrologic responses and environmental impacts of climate change and variability 
at the watershed scale and; (ii) the quantification impacts of historical climate changes on 
water quantity and quality within the research basins. It also describes some of the tools used 
for the research, the research study watersheds, the material and methods used, the model 
output analysis and discussions on any environmental impacts of climate change within the 
research watershed. 
Chapter 4: In this chapter, further analysis is done to identify most impacted counties within 
the ABBC. Some recommendations are made on how impacted counties could implement 
conservation and adaptation practices to mitigate the adverse impact of climate variability in 
impacted counties. 
Chapter 5: The last chapter gives a summary and conclusions of the whole research study.  
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CHAPTER II 
LITERATURE REVIEW 
Abstract 
Climate change is an important issue which needs to be addressed to help mitigate otherwise 
adverse impacts on water, agricultural and natural resources. Literature review on various 
global climate change research and projects was conducted. Details on the causes and sources 
of greenhouse gases emissions and naturally driven factors for climate change were 
reviewed. Also reviewed were material on issues like climate change indicators, potential 
impact of climate change on water resources and agricultural production. The reviews also 
delved into some of the methods used in climate change studies such as climate and 
hydrologic modeling. The reviews showed that there was a rise in continental U.S. average 
surface temperature of about 0.51°F per decade since the 1970’s and a general annual 
precipitation increase likely resulting in increased groundwater recharge, decline of water 
resource due to higher demand from urbanization and extreme events such as drought, 
deterioration of water quality due to runoff from landfill, pollutants and nutrients into water 
resources, loss of livestock and crops to summer heat and flooding, all attributed to climate 
change. The research findings are that climate change and variability is real and is likely to 
stay. There is therefore the need to continue such global research and to promote 
environment favorable policies in order to protect the environment, ecosystems and ensure 
human survival and sustainability. 
10 
 
2.1. Introduction 
 The Intergovernmental Panel on Climate Change (2013), the US Environmental 
Protection Agency (EPA) (2013), the US Global Change Research Program (USGCRP) 
(2009) and the National Oceanic and Atmospheric Administration (NOAA) (2010), 
representing some of the leading organizations conducting climate change research, all 
attribute climate change to anthropogenic causes characterized (among other) by increases in 
heat-absorbing GHG emissions which alter the atmospheric composition and natural climate 
variability observed over comparable long time periods. Climate variability is the deviations 
in the average state and other statistics (such as standard deviations, extremes occurrence) of 
the climate on all temporal and spatial scales beyond that of individual weather events over a 
specified time period and this variability may be due to natural internal processes within the 
climate system or by variations to human induced activities or natural processes (IPCC, 
2013). Climate change and variability alters hydrologic cycles and watersheds regimes, 
adversely impacting ecosystems, water resources (water quantity and quantity), forests, 
sustainable agriculture and the environment (Alexander et al., 2008; Schnoor, 2010).  
2.1.1 Greenhouse Gases Emission and Source 
The anthropogenic activities contributing to the climate change mostly involve the 
emission of atmospheric heat trapping gases called greenhouse gases (GHG), namely carbon 
dioxide (CO2), methane (CH4), and nitrous oxide (NO2) (IPCC, 2007). GHGs like CO2 and 
CH4 absorb earth’s surface reflected energy, thereby slowing or preventing the heat loss to 
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space, and in the process acting like a blanket and warming the earth more than it should be, 
resulting in a process called greenhouse effect (EPA, 2013).  
 
 
                                          a                                                                                   b. 
Figure 2.1.   Global (a) and US (b) GHG emission rates respectively (IPCC, 2007; 
EPA, 2013) 
 
The most impacting emitted GHG is CO2 which is produced by continuous and 
increase burning of fossil fuels in electricity generation, transportation, industrial and 
household uses (EPA, 2013). By products from cement manufacturing increases CO2 levels 
while deforestation reduce carbon sequestration process (NRC, 2012; EPA, 2013). Globally, 
CO2 produced from fossil fuel use make up 57% and CO2 from biomass decay make up 17% 
while 8% CO2 is from unknown sources. Other GHG such as CH4, NO2, and fluorinated gases 
constitute 14, 8 and 1 % of the total GHG emitted (IPCC, 2007) (Figure 2.1).  
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 Recent published research work has consistently shown that the emission of CO2, 
especially from the fossil fuel combustion, has continuously increased on a global scale 
(IPCC, 2007; Karl et al., 2009, Schnoor, 2010; EPA, 2013). Throughout the past several 
decades, about 80 percent of human-induced CO2 emissions originated from the burning of 
fossil fuels, while about 20 percent resulted from deforestation and associated agricultural 
practices on a global scale (Forster et al., 2007; Karl et al., 2009). Since the start of the 
industrial revolution, the atmospheric concentration of CO2 has increased by roughly 35 
percent (IPCC, 2007). Plants during their biological carbon cycle absorb CO2 from the 
atmosphere which helps in CO2 sequestration process (EPA, 2013). The production and 
transport of coal, oil and natural gas result in the emission of CH4 (EPA, 2013). Methane 
emissions can also result from livestock and other agricultural practices and by the waste 
decay in municipal solid waste landfills (EPA, 2013). NO2 is another GHG emitted during 
agricultural related activities such as raising livestock which produce methane in their 
digestive tracts and industrial activities, as well as during fossil fuels combustion and solid 
waste (EPA, 2013; NOAA, 2012). Other GHGs include chlorofluorocarbons (CFCs), 
hydrochlorofluorocarbons (HCFCs), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), 
and sulfur hexafluoride (SF6) which are collectively called Fluorinated gases (F-gases), and 
are mainly emitted from a variety of industrial processes often related and utilized in 
coolants, foaming agents, fire extinguishers, solvents, pesticides, and aerosol propellants 
(IPCC, 2009 and EPA, 2013). The global average abundance of the major long lived GHG is 
shown in Figure 2.2. 
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Figure 2.2.  Global average abundance of the major long lived Greenhouse Gases (NOAA,  
2012) 
 
Another significant GHG with a short atmospheric lifetime is the Ozone (O3) (IPCC, 2007). 
Chemical reactions create ozone from release of nitrogen oxides and volatile organic 
compounds in the presence of sunlight (EPA, 2012), and tropospheric ozone is a pollutant 
that damages crops and ecosystems and can cause adversely affect respiratory health of 
living organisms (Solomon et al., 2007; EPA, 2013). According to the National Research 
Council (NRC; 2010), water vapor is regarded as the most abundant GHG contributing to the 
natural greenhouse effect, regardless of having a short atmospheric lifetime. Globally, the 
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concentration of water vapor is controlled by temperature which influences evaporation and 
precipitation rates and its emission on a global scale is not necessarily influenced mainly by 
anthropogenic induced emission (EPA, 2013). 
2.1.2 Naturally Driven Climate Change and Variability Factors 
Natural factors contributing to global climate change and variability are the sun and 
volcanic eruptions (NRC, 2010). Several decades ago, the Sun’s energy output (as measured 
by satellites since 1979 has followed its historical 11-year cycle of small ups and downs 
without any net increment (NRC, 2005). The global warming in recent decades cannot 
substantially be explained by the above stated natural factors but their net effect on climate 
has probably been of a slight cooling influence over this period (Hansen et al., 2000; IPCC, 
2007). Slow changes in earth’s orbit around the Sun and its tilt toward or away from the Sun 
are also a purely natural influence on climate, but are only important on thousands of year’s 
timescales (Karl et al., 2009).  
The lifetime of GHG ranges from few weeks to thousands of years (EPA, 2012). 
According to IPCC (2007), the lifetime of CO2 is poorly defined because the gas is not 
destroyed over time but remains in the atmosphere for thousands of years. CH4 has an 
average atmospheric lifetime of 12 years; NO2 has lifetime of 114 years while the lifespan of 
F-gases range from a few weeks to thousands of years (EPA, 2012). The major GHG 
emissions source in U.S from human activities is from fossil fuels combustion for electricity, 
heat, and transportation; and the total U.S. GHG emissions was 6,702.3 million metric tons 
of CO2 equivalents (EPA, 2013). Literature reviews from various GHG  related studies show 
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that from 1990 to 2011, the total U.S emissions increased from 6183 to 6702 million metric 
tons of CO2, corresponding to an 8.4 percent rise (EPA, 2013) (Figure 2.3).  
 
Figure 2.3.   U.S. Greenhouse Gas Emissions in the last two decades (EPA; 2013). 
 
Thirty three percent of 2011 GHG emissions originated from electricity production, 
thereby making it the largest share of greenhouse gas emissions. More than 70 percent of the 
electricity comes from burning fossil fuels- mainly coal and natural gas (U.S. Energy 
Information Administration (USEIA), 2011).  Transportation alone contributed 28% of 2011 
GHG emission primarily coming from burning fossil fuel for cars, trucks, ships, trains, and 
planes (Kahn Ribeiro et al., 2011). GHGs emissions from industrial activities constituted 
20% and originated primarily from the burning of fossil fuels for energy as well as GHG 
emissions from certain chemical reactions necessary to produce goods from raw materials. 
Agriculture accounted for 8 percent of the 2011 GHGs emissions while greenhouse gas 
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emissions from businesses and residential homes make up 11 percent of 2011 total emission 
(EPA, 2013). 
 
 
   Figure 2.4.  Global temperature trend for 131 year (NASA, 2013). 
2.1.3 Climate Change and Variability Indicators 
Climate is also used as an indicator of climate change (EPA, 2012). Climate, defined 
by temperature, precipitation, type, intensity, and duration of weather various events, 
represents a long-term average of the weather condition in a given place. Weather can change 
within few minutes or hours, but changes in climate develop over longer time periods, i.e., 
decades to centuries (EPA, 2012). The Fifth Assessment Report of IPCC (2013) stated that 
warming of the climate system is unequivocal, a claim deduced from observations of 
increases in global average air and ocean temperatures, widespread melting of snow and ice 
17 
 
and rising average sea level. The National Atmospheric and Space Administration (NASA) 
(2013), states that nine of the ten warmest years in the recent meteorological record have 
occurred since the year 2000, which therefore invalidates the previous claim IPCC (2007) 
that the warmest years occurred within 1995 to 2006. 
The continuous increase in temperature and global warming is primarily but not 
exclusively due to continuous increase in emission of heat trapping GHGs into the 
atmosphere (IPCC, 2007; Karl et al., 2009; EPA, 2012). The U.S EPA (2003) also reported 
that there has been an observable quick rise in average surface temperature since the 1970’s, 
ranging from 0.31 to 0.51°F per decade (NASA, 2013). The average surface temperature 
across U.S has risen at an average rate of 0.13°F per decade (EPA, 2012; NOAA, 2012). 
Human and the ecosystems existence is widely influenced by precipitation on both global 
and national scales (EPA, 2012). Rainfall, snowfall, and snowmelt timing can all affect the 
availability of water for drinking, irrigation for agricultural activities, household and 
industrial use (EPA, 2012). Rate of precipitation also determines which animals or plants 
types can survive in a particular region (EPA, 2012). The effect of climate change varies 
globally with the shifting of the wind patterns and ocean currents that drive the world’s 
climate system, also causing some areas to experience decreased precipitation and others to 
experience precipitation increase (EPA, 2012). Furthermore, an increased precipitation will 
not necessarily cause an increase in amount of water available because with higher 
temperature comes more evaporation (USG RCP, 2009; EPA, 2012). 
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Figure 2.5.  Precipitation anomalies from 1901 to 2012 (NOAA, 2012) 
 
The total annual precipitation on the average has increased over land areas worldwide 
and in the United States (Figure 2.5). Global precipitation has increased at an average rate of 
2.3 percent per century, while precipitation across U.S has increased at a rate 5.9 percent per 
century (EPA, 2012). The central and eastern U.S and southern U.S have experienced greater 
precipitation increases (NOAA, 2012).  
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2.2 Climate Change and Variability Impacts 
2.2.1 Impact on Water Quantity 
Water resource include rivers, lakes, streams, ocean and underground aquifers 
(Furniss et al., 2010). ). Water as a natural resource is important for ecosystem and human 
survival and is critically needed for energy production, agriculture, recreation, navigation, 
and manufacturing (Karl et al., 2009; EPA, 2012). Global climate change alters hydrologic 
cycles and regimes within watersheds, adversely impacting ecosystems, water resources, 
forests, sustainable agriculture and the environment (Poff et al., 2002; Karl et al., 2009). 
Change in climate can also adversely impacts water quality and water quantity (Schnoor, 
2010). The Environmental Protection Agency (EPA, 2012) stated that climate change is 
more likely to heighten water demand while reducing water supplies. To fully understand 
water resources and how it is impacted by climate change more studies such as this one are 
needed. 
Changes in the water cycle that reduce precipitation or increase evaporation and 
runoff will also reduce the amount of water available for recharge (Karl et al., 2009). 
Changes in vegetation and soils that occur as temperature changes or due to fire or pest 
outbreaks are also likely to affect recharge by altering evaporation and infiltration rates 
(Bates, 2008). More frequent and larger floods are likely to increase groundwater recharge 
in semi-arid and arid areas (Bates, 2008). In addition, small reductions in groundwater levels 
can lead to large reductions in stream flow and increases in groundwater levels can increase 
stream flow (Karl et al., 2009). With higher rates of urbanization, increasing demand for 
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drinking water will put stress on existing water sources (Tietenberg and Lewis, 2012). 
Lastly, another resulting impact of climate change is extreme weather conditions such as 
drought, caused by the extended imbalance between evaporation and precipitation (rainfall, 
snow, etc.) (EPA, 2012). An example is the drought in the Elephant Butte Reservoir in New 
 Figure 2.6. Drought in the Elephant Butte Reservoir in New Mexico (NASA-Earth  
Observatory, 2013)  
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Mexico (Figure 2.6). The reservoir reduced to three percent of it’s original capacity between 
1994 and 2013 (NASA Earth Observatory, 2013). The decline in water quantity in the river 
caused shortage of irrigation water for farmers and instigated the El Paso water authorities 
to new wells to drill access groundwater aquifers as water source (NASA Earth 
Observatory, 2013) 
2.2.2 Impact on Water Quality 
Water quality is a very important issue especially when considering the health of 
human and ecosystems and their survival (Quansah et al., 2008; Karl et al., 2009; EPA, 
2012). Water quality could deteriorate in regions experiencing increased rainfall intensity. 
For example, in the Northeast and Midwest US, increases in heavy precipitation events 
could cause problems for the water infrastructure, as sewer systems and water treatment 
plants can be overwhelmed by the increased volumes of water (Karl et al., 2009; EPA, 
2013). Heavy downpours can also increase the amount of runoff into rivers and lakes, 
washing sediment, nutrients, pollutants, trash, human and animal waste, and other materials 
into water supplies, making them unusable, unsafe, undrinkable, or in need of water 
treatment (Ebi et al., 2008; Field, 2007). Freshwater resources along the coasts may also 
face risks from sea level rise (Karl et al., 2009). Oxygen is an essential resource for many 
living things, and its availability is reduced at higher temperatures as a result lowering the 
amount dissolved in water and increased respiration rates of living organisms (Bates, 2008). 
Lower oxygen levels can also decrease the self-purification capabilities of rivers (Karl et al., 
2009).  
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The Alabama River Basin faces a significant threat of pollution emanating from 
human activities, including both point sources and non-point sources (Gurung et al., 2014). 
Non-point source pollution is the nation’s largest water quality degradation source and this 
is linked to why about forty percent of lakes, rivers and estuaries don’t meet their assigned 
water quality criteria for various activities such as fishing or for recreational activities (EPA, 
2008). Pollution from agriculture is the leading source of non-point source pollution (EPA, 
2002). The leading contributor to water quality degradation in Alabama is non-point source 
pollution, which accounts for two-thirds of the water quality degradations in streams and 
lakes (Alabama Department of Environmental Management (ADEM), 2003). 
2.2.3 Impact on Agriculture 
Karl et al. (2009) gave an estimate that crops, livestock and seafood grown, raised 
and caught contributed at least $200 billion to the US economy annually. With this huge 
amount of revenue generated, a negative impact of climate change could have significant 
adverse impact on the agricultural sector. Warmer temperatures may be favorable for quick 
growth of some crops but may also decrease crop yields (Karl et al., 2009). For example, in 
fast growing crops like grains, there are reductions in the duration of time the seed have to 
grow and mature, thereby resulting in the reduction in the amount of crop produced in a 
farm (Karl et al., 2009; EPA, 2013). The paramount base is that increased temperature 
effects depend on the crop optimal temperature for reproduction and growth, soil nutrients 
and water availability (Karl et al., 2009). 
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According to The U.S. Climate Change Science Program (CCSP, 2008), higher 
atmospheric concentrations of CO2 can affect crop yield. Extreme weather conditions such 
as flood and drought can hinder crop growth. For example, the 2008 flooding of the 
Mississippi River just before crop harvesting period led to an estimated $8 million loss for 
farmers in the region (NOAA- NCDC, 2008). Certain weeds, pests and fungi thrive under 
warmer temperatures and wetter climates (Karl et al., 2009). In the past few years, farmers 
spent an estimate of over $11 billion annually to combat weed growth in the United States 
(Kiely et al., 2004) and with the continuous global warming, the cost could go higher. 
Moreover, human health may be negatively impacted by increased use of pesticides and 
fungicides because of the final infiltration of chemicals to the groundwater aquifers and 
excess application on crops which is consumed by the society (Karl et al., 2009). Some 
states in the US each reported 5,000 livestock losses from one summer heat wave event 
(Hatfield et al., 2008). Heat wave can also favor livestock susceptibility to diseases, 
decrease in livestock fertility and dairy production (Hatfield et al., 2008).  
2.3 Climate Modeling 
Climate models are mathematical representations of the climate system (IPCC, 2014), 
simulating the interactions of the atmosphere, oceans, land surface, and ice, for the prediction 
of future climate. The IPCC is the leading international body, which develops general climate 
models (GCM) for the assessment of climate change (IPCC, 2014). Several engineers and 
academia use different climate models which incorporates variables and indicators such as 
population, industrialization, environmental and social-economic scenarios that influence 
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GHG levels. The commonly known climate models are the GCMs and Regional Climate 
Models (RCMs) (World Meteorological Organization (WMO), 2014). GCMs enable 
researchers to progress the understanding and forecasting of ocean, atmosphere and climatic 
behavior globally while the RCMs enables researchers to understand local or regional scale 
processes (WMO, 2014). 
2.4 Conclusion 
The depth of the literature reviewed shows that human-induced climate change and 
variability and related impacts are real, ongoing and is expected to increase in the next 
several years. Global temperature increases, change in precipitation intensity trends, and 
increases in extreme weather events are expected to have negative impact on water and 
natural resources and agricultural production. Climate change research and adaptation 
options are critical for human sustainably managing natural resources and harnessing 
potential climate change impacts to their advantage. Sustainable solutions including the 
identification of alternative green energy sources, the control of pollution, the reduction of 
environmental degradation, the use of effective water methods for agriculture and industry, 
the development of climate change resistant and high yielding crop varieties, and the use of 
recyclable product are some but few solutions to the issues of climate change. Climate 
change and adaptation research needs to be continued to help in the identification of global, 
regional and national solutions for sustainable living in the future. 
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CHAPTER III 
ASSESSMENT OF CLIMATE VARIABIITY IMPACT ON WATER RESOURCES 
WITHIN THE ALABAMA RIVER BASIN 
Abstract 
Global climate variability alters hydrologic cycles and regimes within watersheds, 
adversely impacting ecosystems, water resources, sustainable agriculture and the 
environment. This study aims at assessing historical climate variability impacts on water 
resources within the Alabama River Basin. Specific research objectives includes: (i) 
assessing the likely hydrologic responses and environmental impacts of climate change at the 
watershed scale; and (ii) quantifying impacts of land use and climate variability on water 
quantity and quality. The research methodology utilized historical climate data analysis, and 
the assimilation of geospatial, hydrologic, landuse, soils, elevation, historical climate data 
variables into SWAT hydrologic model, which was then calibrated and validated. Model 
calibration efficiency was within acceptable levels for streamflow, sediment and total 
nitrogen. Model simulation was then analyzed for climate variability impacts based on 
established baseline environmental conditions. Research findings showed a slight increase in 
precipitation and no significant increase in temperature within the watershed over the last six 
decades. While streamflow showed general increase for most subbasins, there was a 
considerable decrease in the eastern and northern subbasins. Sediment load generally 
decreased, except a few isolated subbasins to the west. Nitrogen load increases were seen in 
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some central subbasins which could be the result of the agricultural management practices on 
dominant agricultural crops in these areas including pasture, cotton, corn and soybean. 
Evapotranspiration trends were sporadic, but highest in subbasins with decreased streamflow. 
Generally, climate variability had some impacts on ARB water resources. However, the trend 
of impact was characteristically different for streamflow, sediment, total nitrogen and 
evapotranspiration for different subbasins, although there was some correlation between 
some variables. The study identified critical subbasins for conservation and adaptation 
solutions for sustainable water use and pollution control. 
 
3.1. Introduction 
3.1.1 Project Justification 
 Smith (2004) reported that the Southeastern (SE) region of U.S may be one of the 
regions most susceptible to effects resulting from climate change. This is due to the south 
eastern low –lying and extensive coastline which makes about 41% of the conterminous 
coastline of the U.S. (Smith, 2004). The characteristics of the SE coastline can also increase 
its vulnerability to rise in sea level and extreme events such as hurricanes. Climate change 
should be studied in the SE because of the high and rich biodiversity likely to be threatened 
by predicted disturbances. According to the United States Department of Agriculture 
(USDA, 2008), the SE US has over 400,000 farms, timberlands of more than 127 million 
acres, 33% of U.S. coterminous estuaries and about 30% of U.S wetlands (US Forest Service 
(USFS), 2010). 
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Environmental and natural resources challenges currently being experienced in the SE 
US, including limited water supply, increased water use and demand, water quality 
degradation and flooding, could be intensified by climate change (Ingram et al., 2013).The 
SE US region consist of large to small river basins and some cross states boundaries. The 
Mobile, Mississippi, Ohio, and Tennessee rivers make up four out of eight of the continental 
U.S largest rivers. An increasing summer drought trend was found in the SE region from 
1958-2007 (Karl et al., 2009). The states of Georgia, Alabama, Florida, Tennessee and South 
Carolina depend on groundwater withdrawals for almost half of their irrigation needs (Kenny 
et al., 2009). In the next ten decades, there is an expected increase in the number of days with 
temperatures above 90° F in SE USA (Figure 3.1). This could potentially result in another 
drought event within the SE region and impair water resources (Hayhoe et al., 2004; Hayhoe 
et al., 2008). 
Figure 3.1. The number of days with temperature above 90 F in the next 10 decades is 
expected to rise significantly to nearly six   months (Hayhoe et al., 2004; Hayhoe et al., 
2008). 
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The prolonged interval between rainfalls and the above stated projected temperature 
increment, tied with higher population demand is likely to cause a decline in the water supply 
and availability to the society (Bates et al., 2008). Evapotranspiration increase can reverse 
the balance of surface water flow and the recharge of groundwater and can result in intrusion 
of saltwater into shallow aquifers in the coastal South-Eastern region (Bates et al., 2008). 
Drought which is an extreme event resulting from climate impacts change can also cause 
conflict among regions that share the same river basins as water source (SELC, 2013). An 
example is 2007 drought period in Lake Martin. Drought can also lead to conflict between 
water resources shared by several states, and an example is the tri state water conflict over 
the present and future water allocation from the Apalachicola-Chattahoochee Basin- Flint 
and Alabama-Coosa-Tallapoosa Basin which spatially spreads between Alabama, Georgia 
and Florida (Southern Environmental Law Center (SELC, 2013). Such predicted impacts in 
the south call for further research on water and natural resources impacts at the watershed 
scale, hence the motivation and justification for this research study.  
The research component in this chapter sought to assess historical climate variability 
impact on water resources within the Alabama River Basin (ARB) utilizing the Soil and 
Water Assessment Tool Model (SWAT). Specific study objectives were to (i) assess the 
likely hydrologic responses and environmental impacts of climate change at the watershed 
scale (ii) quantify impacts of historical climate changes on water quantity and quality within 
the research basins. SWAT model was setup and calibrated with historical climate data, 
streamflow and water quality data and related geospatial data and model output analyzed for 
changes in water quantity and quality. 
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3.2. Geospatial Information Systems 
3.2.1 Geographic Information Systems (GIS) 
GIS is a computerized database management system for the capture, storage, 
retrieval, analysis and display of spatial data, and it also functions as a decision support 
system which involves spatially referenced data integration for problem solving 
(Environmental Systems Research Institute (ESRI, 2014). GIS is a geospatial technology that 
allows the integration of various datasets including environmental, forestry and land use data, 
and products derived from remote sensing and hydrologic. GIS applications are currently 
used in various disciplines, including engineering, agriculture, environmental science, 
meteorology etc.  
3.2.2. Hydrologic Modeling 
Hydrologic modeling can be described as a computer based mathematical or 
programming approach, used to simulate hydrologic processes, responses and watershed 
behavior for a given input (Pechlivanidis et al., 2011). Hydrological models act as a vital tool 
for various environmental applications such as in water resources planning, development and 
management, flood prediction, water quality and climate modeling (Pechlivanidis et al., 
2011). Reviews by Wheater et al. (1993), Singh, (1995), Singh and Frevert, (2006) outlined 
various ways for hydrologic model classification, and one of them include model 
classification based on model structure spatial distribution, stochasticity, and spatial-temporal 
applications. Model structure based classifications are: Metric models (Dawson et al., 2006), 
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Conceptual models (Wheater et al. 2002), Hybrid models (Wagener, 2007) and Physics-
based models (Wheater, 2002). Other hydrologic models classification include lumped and 
distributed models, Deterministic and stochastic models, Time-scale based classification, and 
Space-scale based classification (Pechlivanidis et al., 2011).  
3.2.3 Soil and Water Assessment Tool (SWAT)  
The Soil and Water Assessment Tool (SWAT) is generally referred to as a physical 
based and computationally efficient model used on a watershed scale to predict the impact of 
management practices of land on water, sediment and agricultural chemical yields over long 
or specified time period (Arnold, 2012). SWAT provides a platform for GIS and hydrologic 
model integration. The development of SWAT is a continuation of USDA Agricultural 
Research Service (ARS) modeling experience that spans a period of roughly 30 years 
(Arnold, 2012). Early origins of SWAT can be traced to previously developed USDA‐ARS 
models including the Chemicals, Runoff, and Erosion from Agricultural Management 
Systems (CREAMS) model, the Groundwater Loading Effects on Agricultural Management 
Systems  (GLEAMS) model (Arnold, 2012), and the Erosion Productivity Impact Calculator 
model (Izaurralde et al., 2006). The current SWAT model is a direct descendant of the 
Simulator for Water Resources in Rural Basin model, which was designed to simulate 
management impacts on water and sediment movement for ungagged rural basins across the 
U.S (Gassman et al., 2007). 
According to Arnold et al. (2012) and Arnold and Fohrer (2005) the physical based 
SWAT model has been proven to be an effective tool for assessing water resource and 
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nonpoint source pollution problems at a wide scale and diverse environmental conditions 
across the globe. SWAT in the U.S. is progressively used to support Total Maximum Daily 
Load analyses (Borah et al., 2006), research the effectiveness of conservation practices 
within the USDA Conservation Effects Assessment Program (CEAP, 2007) initiative 
(Mausbach and Dedrick, 2004), and perform large basin scale assessments such as the upper 
Mississippi River basin (Jha et al., 2006). 
 
3.3 Study area 
The study area (Figure 3.2) was the Alabama River Basin, which consists of the Alabama, 
Coosa, Cahaba and Tallapoosa River Basins, and forms the major eastern subbasins of the 
Mobile River Basin (MRB). The research watershed stretch from the southern part of 
Alabama extending towards the north western Georgia and south eastern part of Tennessee. 
The Alabama River Basin drains a total of about 15721.23 km² of drainage area. The 
Tallapoosa River Basin (TRB) drains about 12139.274 km² of land area. The Coosa River 
Basins (CORB) drains about 26306.5km² of land area and is the most biological diverse 
subwatershed of Mobile River Basin. The Cahaba River Basin (CRB) is referred as the 
longest unrestricted flowing river in Alabama cover about 4721.548 km² land area. Dominant 
land use of the research basins are forest, agriculture and crop land, mainly pasture, corn, 
cotton and soybean. The USGS (2013) reported that the average annual air temperatures 
fluctuate between about 60 ° F in the north to about 70° F in the south, and the average 
annual precipitation ranges from 1270 to 1524 inches, with greater amounts in the rocky 
regions. 
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Figure 3.2.  Map of the Alabama, Coosa, Cahaba and Tallapoosa River Basins 
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3.4 Methodology and Materials 
3.4.1 Hydrologic Modeling and Input Data 
The physically based continuous hydrologic SWAT model was used for the 
hydrologic modeling aspect of this study. Data required as input for the SWAT model 
included the National Elevation Data (NED), historical climate data, stream flow data, water 
quality data, National Agricultural Statistics Service (NASS) land use and land cover 
(LULC) and State Soil Geographic (STATSGO) data. Project data was obtained from various 
federal and state geospatial portals including:  
(1) http://datagateway.nrcs.usda.gov   
(2) http://www.ncdc.noaa.gov/cdo-web  
(3) http://ned.usgs.gov  
(4) http://waterdata.usgs.gov/nwis   
(5) http://www.epa.gov/storet/dbtop.html 
(6) http://ars.usda.gov/Research/docs.htm?docid=19388 
 
Three USGS streamflow gauge stations namely; station ID USGS 02408540, USGS 
02422500 and 02405500, containing streamflow data was obtained and downloaded from the 
USGS National Water Information System (NWIS) Mapper website (Refer to Figure 3.3). 
The water quality data (sediment and total nitrogen) for USGS gauge 02420000, 0242400, 
and 0242354750 were also obtained from the NWIS mapper website. The historical climatic 
data (1950 to 2010), consisting of minimum and maximum temperature and precipitation 
records within and around the basin were obtained from NCDC and USDA-ARS 
(http://ars.usda.gov/Research/docs.htm?docid=19422). Elevation data were obtained for the 
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entire Alabama, Tennessee and Georgia States and formatted by using various spatial 
analysis tools in the ESRI ArcGIS 10.1 software. The Mosaic to New Raster and Extract by 
Mask spatial analysis tools were used to localize the data into a rectangular mask area 
covering the study watersheds. The NASS land use data was similarly processed and 
prepared for the model setup. All other geospatial data including temperature and 
precipitation (txt file), stream flow outlet were formatted to dbf file data extension for this 
study before their input into the SWAT model. Figure 3.3 shows the study area watershed, 
watershed subbasin and geographic loaction of all streamflow, water quality and weather 
stations used. 
3.4.2 SWAT Model Setup 
The collected and preprocessed geospatial data was assimilated into the SWAT 
model, then the model was calibrated and validated for performance efficiency. The model 
setup involved the research watershed and stream network/flow delineation using the 
elevation date. The landuse soils and elevation data were then used in the formation and 
definition of the Hydrologic Response Units (HRU). The HRU determines the exact 
hydrologic process and response at each geographic point within the research basin. Climate 
data was then uploaded into the SWAT model. Related weather and atmospheric water 
variables like wind speed, relative humidity, solar radiation etc. for the watershed were 
generated using inbuilt SWAT database. All uploaded and default database and files for the 
watershed were then written into the model. 
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Figure 3.3. Map showing the Alabama River Basin, streamflow, water quality and 
weather stations 
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A three year “warm-up period” for simulation runs was used to make sure that the 
first three years of model simulations were discarded and not considered in the model result 
analyses. Warm-up simulation period allows the model run to reach optimum efficiency and 
reduces inherent error in the data analyzed. An initial cold simulation was run to obtain the 
default performance of the model, which served as the basis for the calibration of long-term 
water balance and water quality (Quansah, 2008). Once the SWAT setup was complete, the 
SWAT model was run on hourly, daily, monthly and yearly time step to cover the climatic 
data period. Following the successful model setup, a cold or default simulation was made, 
which served as the reference for the calibration and validation of the modeling using 
measured streamflow, sediment and total nitrogen data. SWAT input database were also 
edited and the performance of sensitivity analysis, calibration and validation operations was 
done to enhance the model performance. 
3.4.3 SWAT Parameterization: Calibration and Validation 
After the default SWAT simulation, the Manual Calibration Helper was used to 
identify and calibrate sensitive parameters for streamflow and water quality variables. 
Calibration is the process involving an effort to better parameterize a model to a given set of 
local conditions, thereby reducing the prediction uncertainty (Arnold et al., 2012). USGS 
gauge data were used for daily and monthly calibration, by systematically changing 
hydrologic streamflow parameters. A similar approach was used for sediment and total 
nitrogen load calibrations based on EPA and USGS water quality data. Model validation was 
also performed for all three environmental variables without changing further any parameter. 
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Validation process involved running model based on calibrated parameters and comparing 
the predictions to observed data not used earlier in the calibration and for a different time 
period (Arnold et al., 2012).  
3.4.4 Model Performance Statistics 
To assess the initial model performance prior calibration, a cold simulation or default 
SWAT run was completed for the calibration and validation periods (Quansah, et al., 2008).  
The statistical techniques used for the analysis of the model result were the Nash-Sutcliffe 
efficiency coefficient (NSE) (Nash and Sutcliffe, 1970), the coefficient of determination (R2) 
(Arnold et al., 2012), and relative error (RE)) (White and Chaubey, 2005). 
3.4.5 Climate- Precipitation and Temperature Trends  
For each station, precipitation and temperature trends at decadal time scale were 
computed using the least squares method. The corresponding P-values were computed at the 
5% level to assess the significance of the trends. The resulting values (slope and P-value) 
were then plotted using ArcGIS interpolation methods. 
3.5 Results and Discussions 
3.5.1 Climate Trends  
The precipitation map (Appendix D and E) shows the decadal trends of precipitation 
for the baseline period (1953-1973) and the comparison period (1981-2010). During the 
baseline period, most of the study area experienced a weak increase in precipitation with the 
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exception of the southern tip and a small region in the central east. During the comparison 
period, the small values of positive trends denote a weak increase in precipitation. The most 
notable increases took place in the northern part of the watershed and, to a lesser extent, in 
the southwestern part. In these regions, the trends were significant at the 5% level, but 
anywhere else in the watershed, the trends are not significant at the aforementioned level. 
Temperature generally decreased during the baseline period as shown by the negative trend 
values (Appendix E1) with the most prominent decreases taking place in the north. During 
the comparison period, there was a very weak increase of temperature in the northern part of 
the watershed and a weak decrease (negative trends) in most of the central part. Most of these 
trends were significant at the 5% level (P < 0.05).  
3.5.2 SWAT Paramerization Results 
Table 3.1 shows the list of all calibrated parameters. Three USGS guage stations were 
calibrated within the study area (USGS guage 02422500,  USGS guage 02405500, and 
USGS guage 02408540). Various hydrological parameters were calibrated both for 
surfaceflow and baseflow. For the surface flow, calibration parametes included, the runoff 
curve number (CN), the ESCO, Surface runoff lag time (SURLAG), soil available water 
capacity (SOL_AWC), and the soil saturated hydraulic conductivity (SOL_K) . For the 
baseflow, parameters calibrated were threshold depth of water in shallow aquifer required for 
return flow to occur (GWQMN), groundwater revaporation coefficient (GW_REVAP),  
Threshold depth of water in shallow aquifer for revap or percolation to the deep aquifer to 
occur (REVAPMN), the base flow alpha factor (Alpha_BF) and the ground water delay were 
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calibrated. The calibrated parameters values are shown in Table 3.1. After getting a 
satisfactory result based on the statistical analysis techniques used, the model was validated 
with measured streamflow data from 2001 to 2010. 
The averages of the coefficient of determination (R
2
), Nash–Sutcliffe model efficiency 
coefficient (NSE)  and relative error (RE) for  the three gauges listed during the monthly 
surfaceflow calibration were 0.83, 0.82 and 0.95 respectively; monthly baseflow calibration  
average values for R
2
,  NSE  and RE are 0.85, 0.79 and 13.50 respectively. The detailed 
monthly streamflow calibration values are  showed in Table 3.2. The average R
2
, NSE  and 
RE for surface flow validation were 0.81, 0.80 and 5.50 respectively.; monthly baeflow 
validation  have a R
2
,  NSE  and RE values of 0.82, 0.78 and 3.50 repectively (Table 3.3). 
Streamflow hydrograph were used to show graphically the performance of the 
simulated model output with measured streamflow and water quality data, for the calibration 
and validationn period (Figures 3.4 to 3.17 and AppendixA1-B6 ). The hydrographs show a 
very good model performance in comparison to measured data. The SWAT model calibration 
results were acceptable and within similar results obtained by other scientists such as (Arnold  
et al., 2012; White and Chaubey, 2005).
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Table 3.1.  SWAT Parameterization Variables. 
 
  
Parameter Description 
Default 
Value Calibrated Value 
Input 
File 
Surface Flow 
CN2 SCS runoff curve number 45 to 85 
Increase of 2 for HRU with  commercial, 
forests, pasture, range, cotton .mgt 
ESCO Soil evaporation compensation factor 0.95 0.7 .mgt 
SOL_AWC soil available water capacity 0.1mm mm
-1
 0.35 for layer 1 soil C .sol 
SOL_K soil saturated hydraulic conductivity  35 mm h 
-1
 28 for layer 1 of  soil C .sol 
CH_N2 Manning n value for the main channel 0.014 0.04 .rte 
OV_N Manning n value for overland flow 0.1 0.07 hru 
SURLAG Surface runoff lag time 4 day 1 day .bsn 
Base Flow 
GWQMN 
threshold depth of water in shallow aquifer 
required for return flow to occur 6 mm 10 .gw 
GW_REVAP groundwater revaporation coefficient 0.1 0.12 .gw 
ALPHA_BF BaseFlow alpha factor 0.048day 0.40day .gw 
REVAPMN 
Threshold depth of water in shallow aquifer for 
revap or percolation to the deep aquifer to occur 1 mm 0.3 .gw 
GW_DELAY Groundwater delay 31day 31day .gw 
Water Quality 
CH_COV1 Channel erodibility factor 0 0.2 .rte 
CH_C0V2 Channel cover factor 0 0.5 .rte 
SPCON 
Linear parameter used for channel sediment 
routing 0.0001 0.0056 .bsn 
SPEXP 
Exponential parameter used for sediment 
reentrained in channel sediment routing 1 1.3 .bsn 
USLE_P Crop management factor  1 0.4 .mgt 
USLE_K Soil erodibility factor 0.28 0.02 .sol 
  NPERCO Nitrate percolation coefficient 0.9 0.51 .bsn 
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   Table 3.2.  Stream Flow Calibration 1990 – 2000 
 
USGS 
Gauge 
No. 
Drainag
e Area  
(ha) 
Monthly Surface 
Flow Calibration 
Monthly base Flow 
Calibration 
Total Monthly 
Streamflow 
Calibration 
R² NSE RE R² NSE RE R² NSE RE 
02422500 52576.8 0.87 0.84 16 0.8 0.79 7 0.86 0.85 12 
02408540 61380 0.82 0.81 10 0.85 0.80 9 0.89 0.88 9 
02405500 49986.8 0.83 0.82 9 0.87 0.83 12 0.84 0.77 10 
 
Mean 
values 
0.83 0.82 9.50 0.85 0.79 13.5 0.88 0.86 10.5 
 
 
 
 
Table 3.3. Stream Flow Validation  2001 – 2010 
 
USGS 
Gauge No. 
Drainag
e Area  
(ha) 
Monthly Surface 
Flow Validation 
Monthly base Flow 
Validation 
Total Monthly 
Streamflow 
Validation 
R² NSE RE R² NSE RE R² NSE RE 
02422500 52576.8 0.81 0.803 6 0.66 0.6 3 0.81 0.80 5 
02408540 67598.7 0.82 0.827 2 0.86 0.79 1 0.85 0.85 1 
02405500 49986.8 0.78 0.777 9 0.77 0.76 6 0.82 0.80 8 
 
Mean 
values 
0.81 0.80 5.5 0.82 0.78 3.5 0.82 0.83 4.5 
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                           Figure 3.4.  Total streamflow calibration hydrographs for gauge 02422500 
 
 
        
          
     Figure 3.5.  Total streamflow calibration hydrographs for gauge 02408540 
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Figure 3.7.  Total streamflow validation hydrographs for gauge 02422500 
 
 
 
 
 
Figure 3.6.  Total streamflow calibration hydrographs for gauge 02405500 
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Figure 3.8.  Total streamflow validation hydrographs for gauge 02408540 
 
 
 
 
Figure 3.9.  Total streamflow validation hydrographs for gauge 02405500 
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3.5.2.1 Sediment Calibration and Validation Results 
 
For gauge 02424000, the RE and R² values deduced from the calibrated sediment load were 
15.4 and 0.7 while validated sediment load RE and R² values are 15.3 and 0.6. The RE and 
R² sediment load calibration values for gauge 0242354750 is 17 and 0.8 respectively, while 
the validated sediment load for the same gauge is 18 and 0.9 respectively. The RE and R² 
calibration values derived from gauge 02420000 sediment calibration were 15.1 and 0.6 
respectively while the validated sediment load were 15.7 and 0.5 respectively (Tables 3.4, to 
3.6 and Figures 3.10 to 3.15). The statistics were within similar published accuracies.  
3.5.2.2 Total Nitrogen Calibration and Validation Results 
The RE and R² values obtained from total nitrogen load calibration for gauge 
02424000 were 18 and 0.8 respectively, while those for validation values were 8.4 and 0.8 
respectively. RE and R² values for total nitrogen load calibration for gauge 0242354750 were 
7.6 and 0.8 respectively while those for the validation were 4.7 and 0.9. The RE and R² 
calibration values for total nitrogen at gauge 02420000 were 2.8 and 0.5 are respectively 
while those for validation were 8 and 0.8 respectively (Tables 3.7 to 3.9). The statistics are 
within similar published accuracies. 
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     Table 3.4.  USGS gauge 02424000 sediment load calibration and validation results 
Drainage 
Area  (ha) 
Measured 
Average 
Load 
(tons/  
month) 
Simulated 
Average 
Load 
(tons/  
month) 
Calibration (Jun 
1999 - Dec 
2000)     
Measured 
Average 
Load 
(tons/  
month) 
Simulated 
Average 
Load 
(tons/  
month) 
Validation (Oct. 
2000 - Sept. 
2010)    
RE R² RE R² 
265991.8 5.7 6.6 15.4 0.7 34.3 29.0 15.3 0.6 
 
 
 
 
    Table 3.5.   USGS gauge 0242354750 sediment load calibration and validation results 
Drainage 
Area  (ha) 
Measured 
Average 
Load 
(tons/  
month) 
Simulated 
Average 
Load 
(tons/  
month) 
Calibration (Jun. 
1999 - Dec. 
2000)     
Measured 
Average 
Load 
(tons/  
month) 
Simulated 
Average 
Load 
(tons/  
month) 
 Validation (Oct. 
2001 - Dec. 2005)    
RE R² RE R² 
6630.4 0.6 0.5 17.0 0.8 1.3 1.0 18.0 0.9 
 
 
 
 
   Table 3.6.   USGS gauge 02420000 sediment load calibration and validation results 
Drainage 
Area  (ha) 
Measured 
Average 
Load 
(tons/  
month) 
Simulated 
Average 
Load (tons/  
month) 
Calibration 
(Aug 1975 - 
Dec 1978)     
Measured 
Average 
Load (tons/  
month) 
Simulated 
Average 
Load (tons/  
month) 
Validation (Jan 
1979 - Dec 
1981)    
RE R² RE R² 
3907515.1 2775.1 2353.7 15.1 0.6 4292.7 3616.5 15.7 0.5 
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Table 3.7.   USGS gauge 02424000 total nitrogen load calibration and validation results 
 
Drainage 
Area  
(ha) 
Measured 
Average 
Load 
(tons/  
month) 
Simulated 
Average 
Load 
(tons/  
month) 
Calibration (Oct. 
1990 - Apr. 1994     
Measured 
Average 
Load 
(tons/  
month) 
Simulated 
Average 
Load 
(tons/  
month) 
Validation (Jul. 
2001- Sep. 2010)    
RE R² RE R² 
265991.8 795.48 649.72 18 0.8 312.33 285.82 8.4 0.8 
 
 
 
 
Table 3.8. USGS gauge 0242354750 total nitrogen load calibration and validation results 
 
Drainage 
Area  
(ha) 
Measured 
Average 
Load 
(tons/month) 
Simulated 
Average 
Load 
(tons/  
month) 
Calibration (Jun. 
1999 - Dec. 
2000)     
Measured 
Average 
Load 
(tons/month) 
Simulated 
Average 
Load 
(tons/month) 
 Validation (Oct. 
2001 - Dec. 2005)    
RE R² RE R² 
6630.37 312.32 288.40 7.6 0.8 262.03 274.52 4.7 0.9 
 
 
 
Table 3.9. USGS gauge 02420000 total nitrogen load calibration and validation result. 
 
 
Drainage 
Area  (ha) 
Measured 
Average 
Load (tons/  
month) 
Simulated 
Average 
Load (tons/  
month) 
Calibration 
(Oct.1978 - 
Dec-1980)     
Measured 
Average 
Load 
(tons/month) 
Simulated 
Average 
Load (tons/  
month) 
Validation 
(Dec1981 - 
Feb. 1991)    
RE R² RE R² 
3907515.1 21216.11 20614.06 2.8 0.5 22158.17 20278.13 8 0.8 
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3.5.2.3 Sediment Calibration and Validation Bar Charts 
The monthly plot showed in Figure 3.10 and 3.11 shows the calibrated and validated 
simulated and measured sediment load for gauge 02424000 from March 1999 to December 
2000 and from October 2009 to September 2010 for the validated sediment load. Figure 3.10 
and 3.11 showed that the simulated monthly sediment load follow a significant similar 
pattern as the measured sediment load. The bar chart trends shows that the model predicted 
fairly well compared to measured data. The bar chat plot showed in Figure 3.12  and 3.13  
shows the calibrated and validated simulated and measured sediment load for gauge 
0242354750 from May 1999 to December 2000 and from October 2001 to November 20005 
for the validated sediment load. Figure 3.14 and 3.15 also shows the calibrated and validated 
sediment load plot for gauge 02420000.  
 
 
Figure 3.10.  Sediment load calibration for gauge 02424000 
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Figure 3.11.  Sediment load calibration for gauge 0242400 
 
 
 
 
 
                              Figure 3.12.  Sediment load calibration for gauge 0242354750 
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Figure 3.13.  Sediment load validation for gauge 0242354750 
 
 
 
 
 
 
 
Figure 3.14.  Sediment load validation for gauge 02420000 
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Figure 3.15.  Sediment load validation for gauge 02420000 
 
3.5.2.4 Total Nitrogen Calibration and Validation Bar Charts 
The total nitrogen load monthly calibration for Gauge 0242354750 from May 1999 to 
April 2000 and validation from March 2001 to August 2002 is shown in Appendix C1 and 
C2. The two figures showed that the simulated monthly total nitrogen load follow a similar 
pattern as the measured total nitrogen load. The calibrated and validated total nitrogen loads 
for Gauge 02420000 (Appendix C3 and C4) also show that the measured and the simulated 
total nitrogen loads follow a similar pattern. The bar chart trends shows that the model 
predicted fairly well compared to measured data (Appendix C3 and C4). 
The total nitrogen load monthly calibration for Gauge 02424000 from February 1992 
to April 1994 and validation from May 2010 to September 2010 (Figures 3.16 and 3.17).  
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Figure 3.16.  Total nitrogen load calibration for gauge 02424000 
 
 
 
 
 
Figure 3.17.  Total nitrogen load validation for gauge 02424000 
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3.5.3 Climate Change and Variability Impact Analysis 
In this project, a baseline period covering the historical periods (1953 to 1972) was 
used, and changes in environmental variables assessed with a comparison period (1991-
2010). Average monthly streamflow values, sediment load, and total nitrogen values within 
the baseline and comparison periods were used and were analyzed. Average monthly values 
of streamflow, water quality and evapotranspiration for each basin were derived from the 
SWAT model, and average values from 1953 to 1972 and 1991 to 2010 were computed to 
denote baseline and comparison period periods respectively. To analyze the changes over 
the six decade study period, the differences between the average values for the two 
periods were computed for each environmental variable considered in this study. The 
resulting difference values were analyzed statistically and also formatted for spatial 
analysis in GIS. 
 
3.5.3.1 Streamflow Change Analysis 
Table 3.10.   Average monthly streamflow (AMS) change between the baseline and 
comparative period 
 
  
Baseline 
Period AMS 
1953-1972 
Comparative 
Period AMS 
1991-2010 Change 
Sub-basin 
with highest 
AMS 
Sub-basin 
with lowest 
AMS 
Overall sub-basins 
average (m3/s) 146.62 151.37 4.75 Sub-basin72 Sub-basin  41 
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Figure 3.18. Streamflow changes between baseline period (1953-1972) and comparison 
period  (1991-2010) 
 
Streamflow change analysis shows a general increase in streamflow over the study area. The 
southern region had the highest increase in streamflow (Table 3.10). There was an increase 
streamflow from the central region towards the west, and in the east region tip. Decline in 
streamflow occurred in the lower and upper east region and in the north region (Figure 3.18).  
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 3.5.3.2 Sediment Load Analysis 
 
 
 
 
 
 
 
 
 
 
 
The average monthly sediment loads generally decreased across the study area (Table 3.11), 
but with increase in only in small regions in the west and lower north region (Figure 3.19). 
Table 3.11.   Average monthly sediment load (AMSL) change between the baseline and 
comparative period           
  
Baseline 
Period  AMSL 
1953-1972 
Comparative 
Period  AMSL 
1991-2010 
Change  
Sub-basin 
with 
highest 
AMSL  
Sub-basin 
with lowest 
AMSL  
Overall sub-basins 
average(tons/month) 
78941.42 57973.82 -20967.59 21 66 
 
Figure 3.19. Sediment load changes between baseline period (1953-1972) and 
comparison period (1991-2010) 
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3.5.3.3 Total Nitrogen Load Analysis 
Table 3.12  Average monthly total nitrogen load (AMTNL) change between the baseline and 
comparative period 
 
 
Baseline Period   
AMTNL      
1953-1972 
Comparative 
Period 
AMTNL 
1991-2010 
Change  
Sub-basin 
with highest  
AMTNL 
Sub-basin with 
lowest 
AMTNL 
Overall sub-basins 
average (Kg/month) 
249413.56 218056.39 -31357.16 Sub-basin33 Sub-basin  66 
 
Figure 3.20. Total nitrogen load changes between baseline period (1953-1972) and 
comparison period (1991-2010) 
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From Figure 3.20,  average monthly total nitrogen loads showed increases in the central 
region, and also increase in the north, east and south regions (Table 3.12). The regions also 
happened to have predominately high agricultural activity including pasture, cotton, corn and 
soybean operations. 
 
Table 3.13.   Average monthly evapotranspiration (AME) change between the baseline and 
comparative period 
 
  
Baseline 
Period  AME  
1953-1972 
Comparative 
Period AME  
1991-2010 Change 
Sub-basin with 
highest AME 
Sub-basin with 
lowest AME 
Overall sub-basins 
average (m3/s) 
1.49 1.55 0.05 subbasin49 sub-basin 66 
 
Figure 3.21.  Evapotranspiration changes between baseline period (1953-1972) and 
comparison period (1991-2010) 
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Evapotranspiration average monthly sediment loads increased in the central west, east, south 
and north region, and decrease mainly in the extreme north and south region (Figure 3.21). 
 
 
Figure 3.22.  Map showing relationship between streamflow and sediment load changes. 
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Sediment increases were in few mid western regions, mainly in Cahaba river basin, 
such increases corelated with increases in  streamflow (Figure. 3.22). Total nitrogen load 
(TNL) increases occurred in all four major basins, and seemed to correlate with streamflow  
increases (Figure. 3.23). However few subbsins with decreased streamflow had increases in 
TNL. This seemed to be the case for subbains with major agricultural landuse. 
 
Figure 3.23.   Map showing relationship between streamflow and total nitrogen load  changes 
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3.6 Summary and Conclusions 
3.6.1 Summary  
The SWAT calibration results were within similar results obtained by other scientists. 
The hydrographs and the statistical results were indicative of acceptable model performance 
efficiency. Statistical analysis for streamflow calibration, using the R², NSE and RE resulted 
in mean values within the range of 0.83 and 0.88 for R², 0.79 to 0.86 for NSE, and 9.5 to 13.5 
for the RE. The streamflow validation resulted in R², NSE and RE values ranging from 0.81 
to 0.82, 0.78 to 0.83, and 3.50 to 5.55 respectively. The calibrated and validated statistics and 
bar charts for sediment and total nitrogen load also showed a good model performance, with 
the simulated and measured loads following the similar patterns. The sediment load 
calibration and validation had RE values range from 15.1 to 18 while the sediment load 
calibration and validation R² values ranged from 0.5 to 0.9. The total nitrogen calibration and 
validation RE values ranged from 2.8 to 18 while the total nitrogen calibration and validation 
R² values range from 0.5 to 0.9 respectively. 
Climate variability analysis using the baseline (1953-1972) and comparison (1991-
2010) period showed the baseline period watershed average monthly streamflow was 146.6 
m3/s while the comparison period monthly average streamflow was 151.4 m3/s, indicating 
slight increase in the streamflow during the last six decades. The research also showed a 
decrease of by 20967.6 tons/month in sediment load from baseline period average of 78941.4 
tons/month to the comparison period value 57973.8 tons/month. The average monthly total 
nitrogen load for the baseline period was 249413.6 kg/month while that of the comparison 
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period was 218056.4 kg/month, indicating an average watershed decrease 31357.2 kg/month. 
The average monthly rate of evapotranspiration was 1.49 m³/s for the baseline period and 
1.55m
3
/s for the comparison period, an indication that increased temperature and heavy 
rainfall events is enhancing evapotranspiration, which could result in the stress issues for 
crops. 
Considering spatial trends in streamflow, it can be concluded that there was a general 
increase in streamflow within the study watershed, although there were a few subbasins with 
streamflow decreases. Streamflow increases occurred mostly in southern region especially in 
the outlet basin, while the major streamflow decreases occurred in the northern and eastern 
regions, with the lowest streamflow found in sub-basins mainly within the Coosa and 
Tallapoosa River basins as well as northern eastern part of Alabama River Basin. The 
monthly average sediment load showed an overall decrease in the central subbasins within 
the watershed and increases in the midwestern subbasins. Total nitrogen loads were relatively 
high in the central region of the watershed, with a few high levels also in the western, 
northern and southern tips. Evapotranspiration rate change was high in the central subbasins 
and towards the eastern regions, in correlation with regions with relative decreases in 
streamflow.  
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3.6.2 Conclusions 
It can be concluded that climate variability has had some impact on water quality and 
quantity within the Alabama River Basin. However, the magnitude of impact is 
characteristically different for streamflow, sediment, total nitrogen and evapotranspiration for 
different subbasins, although there were some correlation between streamflow and the other 
environmental variables. The significant increases in total nitrogen load within some basins 
could be attributed to other factors including agricultural management practices, especially 
since dominant agricultural land use for the subbasins with increased total nitrogen were 
pasture, corn, cotton and soybean, for which nutrient application and management is 
necessary.  
Research findings help identify the major basins and subbasins for which water 
quality and quantity issues might be critical, and would require conservation and 
management practices to ensure sustainability and minimize climate variability impacts. 
Finally, the results confirm that, while climate variability is generally at a global or regional 
scale, specific impacts are localized. The research findings are critical in helping Federal, 
Alabama, county and local stakeholders in the development of appropriate policies and 
programs for environmental protection, sustainable agricultural production and water use in  
the Alabama River Basin and beyond. . 
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CHAPTER IV  
Climate Variability Impacts Within the Alabama Black Belt Counties  
Abstract 
The Alabama Black Belt Counties (ABBC) are characterized with rich dark soil and 
highly populated with African-Americans. Farmers and residents in this region are low 
income earners and this therefore makes the region more susceptible to any potential adverse 
climate change and climate variability impacts. Research methodology used the Soil and 
Water Assessment Tool Model (SWAT) to assess climate change impact on water resources 
locally within the ABBC combined with decadal precipitation and temperature trends 
analysis. Decadal climate analysis showed a weak increase in precipitation and decrease in 
temperature within the ABBC. Research analysis showed an overall increase in the average 
monthly streamflow over most ABBC with the exception of Montgomery and Lowndes 
Counties. There was also a general overall decrease in sediment loads, except for north-east 
region of Dallas County, while increases in total nitrogen load occurred in Wilcox, Butler, 
Dallas and Lowndes counties. Evapotranspiration increases were substantial for counties 
with considerable decreases in streamflow. Most impacted counties identified in the research 
will inform and support state and local stakeholders and policy makers in developing and 
implementing sustainable agricultural and environmental management and sustainable water 
use solutions to these counties. It will also serve as important research document for climate 
change and variability education for farmers and local communities within the ABBC. 
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4.1 Introduction 
The Alabama Black Belt Counties (ABBC) (Figure 4.1) stretches from the border of 
Mississippi-Alabama state line and runs through the middle of Alabama towards Georgia 
(Phillips, 2004). The term ABBC denotes two meaning, one being a region with rich dark 
soil concentration upon which plantation of cotton were based in the past, and the second 
referring to the region with majority or high African-American concentration (Cook and 
Foster, 2004). Challenges experienced in the ABBC include, limited resources, average 
poverty level, high unemployment rate and lack of adequate social service (Cook and Foster, 
2004). According to Nigh et al, (2003) paper on the early history of Alabama, ABBC region 
farmers established large cotton plantations. In 1915, cotton buds feeding beetle, called Boll 
weevils infested the Black Belt, and damaged the cotton plantations which caused farmers to 
as shift from cotton plantation to raising livestock (Nigh et al., 2003). The ABBC are also at 
disadvantage because there is limited, and currently no existing agency that mainly targets 
environmental education within the ABBC, except the Tuskegee University Cooperative 
Extension Program (Tuskegee University, 2011) and the Auburn University Extension 
Outreach Program (Cook and Foster, 2004). There are no known extensive climate change or 
variability studies that look at impacts at the local and county scale within the ABBC. This 
research will help identify extent of climate variability impact on water resources and 
provide information needed in developing adaptation, conservation and sustainable solutions 
to mitigate impacts and reduce vulnerability of the ABBC. 
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There is evidence of climate variability impacts on water resources within Alabama 
and especially the southern and ABBC regions. Some of the adverse impacts had been 
drought, which has for instance resulted in the significant drop in water level of Lake Martin 
in 2007 (ADECA, 2008). Drought conditions ranging from abnormally dry to exceptional 
drought exists all over the state of Alabama in the last several years. 
 
 
Figure 4.1.  Map of Black Belt Counties in Alabama. 
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4.2 Methodology 
Soil and Water Assessment Tool (SWAT) was set-up, calibrated and validated using 
climate, hydrologic, landuse, soils, geospatial, and water quality and quantity data. A 
baseline period (1953 to 1972) and a comparative period (1991 to 2010) were selected and 
used to analyze changes in streamflow, sediment load and total nitrogen load, within the 
ABBC, over the last six decades. The change between the baseline and comparative period 
across all the sub-basins in the study area were computed. The resulting data values were 
then formatted and inputted into the ArcMap 10.1 interface in order to display the spatial and 
temporal trends.  
To analyze the impacts of climate variability on water resources in the Alabama 
Black Belt regions, SWAT outputs (changes in streamflow, sediment load, total nitrogen and 
evapotranspiration between the base period and the comparison period) was clipped using the 
Black Belt county shapefile layer. Overlay analysis tool was then used to combine the 
attributes of the changes in streamflow, sediment load, total nitrogen and evapotranspiration 
with that of the Alabama Black Belt County shape file, using ArcMap 10.1. The resulting 
summary statistics for each county was then symbolized to display the spatial patterns of 
SWAT outputs. In addition, the results were exported into a table showing the changes in 
streamflow, sediment load, total nitrogen and evapotranspiration in each Alabama Black Belt 
county. 
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4.3 Results and Discussions 
4.3.1. Localized Streamflow Change Analysis 
Figure 4.2 show change in the average monthly streamflow across the black belt 
counties. The increases in average monthly streamflow rate values range from 0.11 to 28.38 
m3/s, denoted by the deep blue to light green colors, and occurs in Wilcox, Marengo, Butler, 
Perry, Bullock and Macon County. Counties with decreases in average monthly streamflow 
changes were Lowndes and Montgomery, with values ranging from -4.98 to 0.10 m3/s. 
Figure 4.2.  Map of average monthly streamflow change in Alabama Black Belt 
County between 1953 to 1972 (Baseline Period) and 1991 to 2010 (Historical 
Comparative Period ) 
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4.3.2 Localized Sediment Load Change Analysis:  
Figure 4.3 show the average monthly sediment load change across the black belt 
counties within the study area. Generally, sediment load decreased across the ABBC, except 
for northern tip of Dallas County, which had between 100 to 278.57 (tons/month) increases 
in sediment load, denoted in tuscan red color. Decreases in average monthly sediment load 
change ranged from 0 to 128145.52 (tons/month), across the ABBC. 
 
Figure 4.3.  Map of average monthly sediment load change in the Alabama Black Belt 
County between  1953 to 1972 (Baseline Period) and 1991 to 2010 (Historical 
Comparative Period) 
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4.3.3. Localized Total Nitrogen Load Change Analysis:  
The average monthly total nitrogen load change across the black belt counties are 
shown in Figure 4.4. The increases in the average monthly total nitrogen load rate have 
values ranging from 0.01 to 2378.53kg/month denoted by the dark red to orange color, and 
occurred in the south eastern region of Dallas, south west region of Lowndes, the east 
through to south east region of Wilcox, north-west region of Butler County, and northern 
regions of Macon County. The counties with increased TN have majority agricultural land 
uses including, corn, soybean, cotton and pasture, which could contribute to TN levels.  
Figure 4.4.  Map of average monthly total nitrogen load change in the Alabama 
Black Belt County between  1953 to 1972 (Baseline Period) and 1991 to 2010 
(Historical Comparative Period) 
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Mostly the counties including Montgomery, Lowndes, Dallas, Wilcox, Marengo, Perry, 
Macon and Bullock County had decreases in average monthly total nitrogen load change, 
with values ranging from 0.00 to -276627.82 kg/month.  
4.3.4. Localized Evapotranspiration Rate Change Analysis:  
The evapotranspiration average monthly rate in Figure 4.5 showed a decrease in 
Marengo, majority of Macon, Dallas and Wilcox County, (although majority of Marengo 
land area falls outside the study area sub-basins). The decrease in the average monthly 
evapotranspiration rate denoted by the light to deep green color have values ranging from 
0.01 to 0.59m3/s. A minimal increase (denoted by the orange to dark red color) in the 
evapotranspiration with values ranging from 0.01 to 1.79m3/s are prominent in the remaining 
counties, namely, Bullock, Dallas, Butler, Perry, Lowndes and Montgomery 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.5.  Map of average monthly evapotranspiration change in Alabama Black Belt  
County between 1953 to 1972 (Baseline Period) and 1991 to 2010 (Historical Comparative 
Period) 
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4.4. Conclusions and Summary 
There was a general increase in average monthly streamflow across the Alabama 
Black Belt counties, except for Lowndes and Montgomery Counties where there were 
decreases. Average monthly sediment load generally decreased across all the Black Belt 
County except for upper north-east region of Dallas County. Average monthly total nitrogen 
increases occurred in southern and north east counties, namely in Dallas, Wilcox, Macon, 
Lowndes and Butler. Counties with increased total nitrogen also had majority agricultural 
land uses, with dominant crops including pasture, cotton, corn and soybean. Agricultural 
nutrient management could therefore be contributing factors for the increased nitrogen load 
in counties such as Macon, Wilcox, Lowndes, Dallas and Butler. Increases in average 
monthly evapotranspiration rate were observed for most counties in the eastern regions of 
Alabama black belt. Counties such as Lowndes, Montgomery, and Macon which experienced 
decline in streamflow also had high evapotranspiration rate.  
Research findings support the argument that climate variability could have an impact 
on water resources within the Alabama Black Belt Counties. 
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CHAPTER V 
Summary and Conclusion 
The goal of the study was to assess historical climate variability impact on water 
resources within select watersheds in the Alabama River Basin (ARB) utilizing the Soil and 
Water Assessment Tool Model (SWAT). Various recent researches have shown that climate 
variability has influenced the past and will continue to influence the spatial distribution and 
availability of water resources. Drought, extreme summer heat and winter cold spells are the 
main aspects of climate variability in the region. Establishment of environmental friendly 
policies and implementation climate adaptation solutions will help in the mitigation of 
adverse climate variability impacts. 
Variations in climate is an important issue which needs to be addressed to help 
mitigate otherwise adverse impacts on water, agricultural and natural resources. Literature 
review on various global climate change research and projects was conducted. Details on the 
causes and sources of greenhouse gases emissions and naturally driven factors for climate 
change were reviewed. Also reviewed were material on issues like climate change indicators, 
potential impact of climate change on water resources and agricultural production. The 
reviews also delved into some of the methods used in climate change studies such as climate 
and hydrologic modeling. The reviews showed that there has been  a rise in continental U.S. 
average surface temperature of about 0.51°F per decade since the 1970’s and a general  
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annual precipitation increase likely resulting in increased groundwater recharge, decline of 
water resource due to higher demand from urbanization and extreme events such as drought, 
deterioration of water quality due to runoff from landfill, pollutants and nutrients into water 
resources, loss of livestock and crops to summer heat and flooding, all attributed to climate 
change.  
The research methodology utilized historical climate data analysis, and the 
assimilation of geospatial, hydrologic, landuse, soils, elevation, historical climate data 
variables into SWAT hydrologic model, which was then calibrated and validated. Model 
calibration efficiency was within acceptable levels for streamflow, sediment and total 
nitrogen. Research findings showed a slight increase in precipitation and no significant 
increase in temperature within the watershed over the last six decades. While streamflow 
showed general increase for most subbasins, there was a considerable decrease in the eastern 
and northern subbasins. Sediment load generally decreased, except a few isolated subbasins 
to the west. Nitrogen load increases were seen in some central subbasins which could be the 
result of agricultural (land use such as pasture, cotton, soybean) and management practices. 
Evapotranspiration trends were sporadic, but highest with subbasins with decreased 
streamflow. Generally, climate variability has impacted ARB water quality and quantity 
However, the trend of impact is characteristically different for streamflow, sediment, total 
nitrogen and evapotranspiration for different subbasins, although there is some correlation 
between the different variables. The study further identified critical subbasins for 
conservation and adaptation solutions for sustainable water use and pollution control. Key 
environmental variable findings within the Alabama Black Belt show an increase in the 
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average monthly streamflow over the study area and exceptions are in Montgomery and 
Lowndes County. There was also a general overall decrease in sediment but an overall 
decrease in total nitrogen load across the Black Belt County. Evapotranspiration increases 
were high in areas with decrease in average monthly streamflow.  
It is recommended that counties most critically affected by decline in streamflow such 
as Montgomery and Lowndes, be educated and assisted by stakeholders in sustainable water 
use for irrigation, industrial and residential uses. Increased sediment and nitrogen loads 
should be mitigated by the implementation of agricultural best management practices, such 
as nutrient management, control tillage, filter strips etc. in affected ABBC such as Dallas, 
Butler, Macon, Wilcox, and Lowndes. Research result will help the Tuskegee extension 
personnel to target affected counties with appropriate education and support on 
environmental sustainability. The research should be continued into looking at future climate 
variability impacts within the ABBC. 
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  Appendix C: Total Nitrogen Load Calibration and Validation Bar Chart 
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Appendix D. 1)Average monthly precipitation trends from Baseline Period 1953-1973 (left) 
and 2) Historical comparison period 1981-2010 (right). 
 
 
 
Appendix E.  1) Average monthly temperature trends from trends from Baseline Period 
1953-1973 (left) and 2) Historical comparison period 1981-2010 (right)  
 
1 
2 
1 2 
